Nickel nanostructures were synthesized onto the surface of glassy carbon microspheres (10-20 m) with the aid of ultrasounds to produce bulk quantities of nickel micro and nanostructure surfacemodified carbon microspheres (Ni-CMs). This new composite material was characterized by means of scanning electron microscopy (SEM), X-ray diffraction (XRD) and cyclic voltammetry (CV). The synthesized Ni micro and nanostructures on the glassy carbon microspheres were found to possess a large proportion of Ni (111) planes. The material was proved to be of interest for electrochemical ethanol sensing in particular. An optimized limit of detection of 1.3 ppm was obtained for ethanol in aqueous solution.
INTRODUCTION
The synthesis of nickel nanostructures has received considerable attention in the past decade on account of their applications in magnetic materials, [1] [2] [3] [4] for alkaline secondary batteries, [5] [6] and also as catalysts for methanol and ethanol electrooxidation. [6] [7] [8] [9] [10] Nickel nanostructures have been synthesized by various methods including chemical reduction, 1 7 8 electrochemical reduction, [9] [10] [11] coprecipitation 12 and ultrasonic synthesis. 2-4 6 Among these, sonochemical processing may have advantages due to the easy in situ preparation of bulk quantities of amorphous activated nickel nanostructures, and due to the fact that this technique has proven to be useful for generating novel materials with unusual properties. It is well known that sonochemistry arises from acoustic cavitation phenomenon, that is, formation, growth, and implosive collapse of bubbles in a liquid medium. 13 Examples include the synthesis of amorphous nanosized nickel on alumina, silica microspheres and carbon encapsulation, 2 3 nickel-polystyrene nanocomposites 4 and nickel hydroxide employing ultrasonic synthesis techniques.
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Recently, the effect of various carbon supporting materials on the activity of electrocatalysts for methanol and ethanol oxidation has become area of an interest. Carbon materials such as carbon nanofibers, 14 carbon nanotubes, 10 15 carbon nanocoils, 16 ordered nanoporous carbon, 17 carbon microspheres, 18 XC-72R, 19 mesoporous carbon 20 and glassy carbon 21 22 have been used as catalyst supports of Pt, Ni and Pd for direct methanol fuel cells or ethanol electrooxidation. In recent work, we have showed that Au, Ag, Pt and Pd nanoparticles can be deposited in bulk onto glassy carbon microspheres by electroless synthesis. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The subsequent material can be used to construct unique chemical microarchitectures on the surface of a macroelectrode for example for hydrazine and As(III) sensing. 25 27 However, to date there has been no report about the synthesis of nickel nanostructures on glassy microspheres surfaces.
In this paper we describe the modification of the surface of carbon microspheres in bulk quantities by nickel nanostructures using sonochemistry techniques to produce a new composite material (Ni-CMs). We then construct a designer electrode interface 27 of Ni-CMs on the surface of a home-made paraffin-impregnated graphite electrode macroelectrode (WGE), 33 using nafion as a binder.
EXPERIMENTAL DETAILS

Reagents and Equipment
Chemical reagents were obtained as follows: nickel(II) chloride (NiCl 2 , 99.9%) and glassy carbon spherical powder (10-20 m, type 1) was purchased from Alfa Aesar (Heysham, UK). L-Ascorbic acid (C 6 H 8 O 6 , 99.7%) was supplied by BDH (Poole, UK). Nafion was purchased from Aldrich (Poole, UK). Acetonitrile (ACN) and ethanol absolute were supplied by Sigma-Aldrich (Gillingham, UK). Nickel powder was purchased from Aldrich (Poole, UK). All the reagents were used without further purification. All solutions and subsequent dilutions were prepared using purified water from Vivendi UHQ grade water system with a resistivity of not less than 18.2 M cm (25 C). All the solutions were degassed prior to the electrochemical recordings. Electrochemical measurements were recorded using an Autolab PGSTAT 30 computer-controlled potentiostat with a standard three-electrode setup. A home-made 0.125 cm 2 area disc paraffin-impregnated graphite electrode macroelectrode (WGE) served as a working electrode, 27 a platinum wire was used as a counter electrode, and a saturated calomel reference electrode (SCE; Radiometer, Copenhagen, Denmark) completed the cell assembly. Between each modification (see below), the WGE electrode was polished with alumina powder (Micropolish II, Buehler) using decreasing particle sizes from 1 to 0.3 m. The electrode was sonicated for 10 min in deionized water after each stage of polishing. All experiments were carried at a temperature of 20 ± 1 C. Scanning electron microscopy (FEG-SEM, tungsten filament as electron source, Acceleration Voltage 20 KeV) images and energy dispersion X-ray spectra analysis were recorded using a JEOL 6300F instrument. X-ray diffraction patterns (XRD) were collected on a PANalytical X'Pert with 40 kV and 40 mA settings. Sonication (D-78224 Singen/Htw, 50/60 Hz, 80 W, UK) was used for the nickel nanostructure synthesis.
Ultrasonic Synthesis of Nickel Nanostructures in Acetonitrile
The nickel nanoparticles were synthesized onto the surface of glassy carbon microspheres using the following protocol: The glassy carbon microspheres (CMs) were sonicated in 70% HClO 4 + 70% HNO 3 (v:v, 3:7) for 7 h in order to oxidize their surface, 10 they were then filtered and extensively washed with deionized water to pH 7, and dried in air. Then, 40 mg of NiCl 2 and 150 mg of the oxidized glassy carbon microspheres were added to 60 mL of acetonitrile in an airtight glassy flask, and sonicated for one hour. 33 mg of L-ascorbic was dissolved in the mixture and the pH was adjusted to 5.2 using 1 M NaOH. The media was sonicated for one hour at 65 C. Finally, the products were separated by centrifugation, washed with acetonitrile and deionized water to remove any unreacted species. The nickel nanostructure-modified glassy carbon microspheres powder was allowed to air-dry for 24 h prior to use (Ni-CMs). It has to be noted that a few Nickel microstructures were also obtained.
Modification of the WGE with Ni-CMs
The construction of films consisting of Ni-CMs on the surface of WGE macroelectrodes were performed as follows: 10 mg Ni-CMs was suspended in 1 mL of nafion (0.05%) and acetonitrile solution to form a "casting" suspension. The casting suspension was then briefly sonicated for 60 s in order to disperse the Ni-CMs powder. A 60 L aliquot of this suspension was then pipetted onto the surface of a freshly polished WGE and left to dry in air.
RESULTS AND DISCUSSION
Electrochemical Behavior of Nickel Nanostructures in Aqueous NaOH
A voltammetric procedure has been developed previously to "fingerprint" the characteristic signal of nickel nanostructures. 34 The voltammetric responses (100 cycles) were recorded for the film-modified electrodes using either blank CMs or different quantities of Ni-CMs at a WGE in 0.1 M NaOH. Results are shown in Figure 1(A) . In the absence of Ni-CMs, no peak is observed either in the anodic or cathodic scan (curve a). However, the Ni-CMs/WGE electrode exhibits a pair of peaks at 0 527/0 365 V, characteristic of the redox chemistry of a nickel surface. 10 11 35 36 Thus, we can conclude that the nanostructures studied in Figure 1 (A) are indeed formed from metallic nickel and that they are in electrical contact with the macroelectrode surface. To investigate the generation of nickel hydroxide from nickel nanostructures in NaOH, the CVs of Ni-CMs modified WGE on continuously scanning were recorded and these are shown in the insert. The first cycle exhibits a broad oxidation peak started at 0.600 V which can be attributed to the dissolution of nickel and formation of nickel oxide.
11 35 36 Continuous potential cycling of the Ni-CMs/WGE electrode in NaOH solution results in increasing the peak current densities of the NiO(OH)/Ni(OH) 2 transformation produced by nickel nanostructures. The peak current increased up to the 100 th cycles and then a current plateau and stable voltammetric response is obtained. This type of voltammetric response is in agreement with literature reports. 10 11 35 36 The anodic peak at 0.527 V is due to the oxidation of the Ni(OH) 2 phase to NiO(OH) whilst the corresponding cathodic peak at 0.365 V represents the reduction of NiO(OH) to Ni(OH) 2 . [34] [35] [36] [37] By measuring the area under the oxidation or reductive peak, it is possible to determine the electroactive surface area of the nickel nanostructures-modified electrodes. Using the literature value of 790 C cm −2 for the charge passed per unit area on the surface of bulk nickel, 28 we can estimate the average electroactive surface area of the nickel nanostructures on the modified electrode to be 2 6× 10 −2 cm 2 /mg Ni on Ni-CMs (100 th cycle). The same synthetic procedure was performed but using water as the solvent instead of ACN, in that case the voltammetry shows that the quantity of deposited Ni is less than when ACN is used as solvent ( Fig. 1(B) ); this was also observed in the SEMs discussed below. Moreover, it should be mentioned that the CMs oxidized in 70% HClO 4 /70% HNO 3 (v:v, 3:7) can increase the quantity of nickel nanostructures at CMs compared with that seen at unoxidized glassy carbon microspheres. This is also proved in following SEMs. The CVs of CMs oxidized in the solution before (b), after (c) and bare WGE (a) 6 ]. In comparison with bare WGE, before the oxidation preparation in 70% HClO 4 /70% HNO 3 (v:v, 3:7), the response of Fe(CN) 3− 6 shows an obvious decrease. After the preparation, the sharply decrease is probably due to the blocking effect of CMs with -CO 
SEMs of Nickel Nanostructures
Figure 2(A) shows images of the CMs prepared in 70% HClO 4 /70% HNO 3 (v:v, 3:7). These images reveal that the glassy carbon powder consists of microspheres of 10-20 m in diameter and that the carbon microspheres are cleaner after treatment in acid (Fig. 2(A) inset: without cleaning step). Figure 2(B) shows that when the synthesis is done in water, it is observed that the particle size of the nickel decorating the surface of the CMs has dimensions of 1 to 9 m. However, when the synthesis is done in acetonitrile ( Fig. 2(C) ) it can readily be seen that plentiful of separate nickel nano-agglomerates synthesized on the surface of prepared CMs in acetonitrile with a diameter of 12 to 80 nm. We are able to estimate that the surface coverage of nickel nanostructures on the CMs is at least 10% of the area. Furthermore, it has to be noted that often nickel microstructures were synthesized together with the nanostructures described above. It can also be seen from Figure 2 (D) that only small nickel "leaves" were formed on the surface of CMs that were not pretreated in acid. Both the pretreatment in acid and the use of acetonitrile as the solvent are necessary to get the nickel nanostructures observed in Figure 2 (A). The reason is attributable to carboxylate functions on the surface of oxydatively prepared CMs which can chelate Ni 2+ . The premise role of CH 3 CN is unclear but the solvent choice is evidently essential. Moreover, the quantity of nickel nanostructures on the surface of CMs also depends on the reaction time, the concentration of nickel(II)chloride and the temperature. The nickel nanostructures were respectively measured in size of 110 ± 30 and 150 ± 30 nm, when the reaction time was extended to 3 h, and the concentration was increased to 2 times; it can not be synthesized at temperatures lower than 60 C. It was found that ultrasonic agitation played an important role in the formation of the nanoparticles; with a decrease of ultrasonic agitation, the nickel nanostructures coagulated, and their size became larger.
EDX and XRD Characterization
of Nickel Nanostructures Figure 3 shows the EDX pattern of Ni-CMs composites prepared in an ultrasonic field. Figure 3 indicates that Ni and C are the major elements. The insert shows that various impurities exist on the commercial CMs before acidic treatment.
The corresponding XRD spectrum of Ni-CMs composites for the resultant particles is shown in Figure 4 . The CMs showed typical peak of (002) phase of graphite at about 20 (2 ) . 10 Three characteristic peaks for nickel Ni(222) (GCMs)
Ni (200) Ni (111) Intensity/Ka.u 2θ /degree . (200) and (222) were observed. The peak (111) is much larger than the other peaks. It reveals that the resultant particles are mainly pure face-centered cubic (fcc) nickel. The average crystallite size calculated using Scherrer's equation from the width at half peak maximum is 36 ± 20 nm.
In the light of the above facts, a reaction scheme (Scheme. 1) can be suggested for the formation of the nanostructures. First, glassy carbon microspheres were pretreated in strong acids to functionalize the surface with carboxyl groups, which probably chelate or adsorb Ni 2+ during a sonochemical process in acetonitrile; Nickel ions on the surface of glassy carbon microspheres are then reduced by the ascorbic acid. The reduced nickel atoms nucleate to form nanostructures. In comparison with the other modified electrodes, an excellent electrocatalytic effect can be seen at Ni-CMs/WGE with a sharp peak current in the two potential ranges. It has been previously shown in the literature that the oxidation of ethanol undergoes two processes, one corresponds to the formation of Ni(III) species with a reversible transformation of Ni(OH) 2 /NiOOH, and ultimate NiO is shaped, 10 11 34-37 the other is Ni to NiOOH. 29 In the present example, a large anodic peak for ethanol is seen at the same position of Ni(OH) 2 , suggesting the oxidation of ethanol accompanying the transformation of NiOOH to Ni(OH) 2 , thus, NiOOH probably acts as the electrocatalyst. 10 11 38-41 To compare with the nickel nanostructures, commercially available nickel powder was also used. Figure 5 (B) displays the CVs of 0.3 M ethanol at Ni-CMs/WGE on repeated cyclization up to 100 cycles, and the currents of 0.3 M ethanol at Ni-CMs/WGE (a) and Ni powder/WGE (b) depend on repeated scan number (insert). After first cycle, 2.3% and 32.3% decrease can be respectively seen at Ni-CMs/WGE (a) and Ni powder/WGE (b). Therefore, this illustrates that the present nickel nanostructures are better than commercial nickel powder and provide a more stable catalytic activity.
Amperometric Measurements
Optimization of several parameters including the quantity of nickel nanostructures (10 mg/mL of Ni-CMs in nafion (0.05%) and acetonitrile solution), response time and stability affecting the analytical response was done by using 0.3 M ethanol as a test solution. The oxidation peak currents grow larger with increasing quantity of nickel nanostructures on the electrode surface where a maximum peak current was observed when 60 L of the Ni-CMs standard solution was casted. There are no further increases in the peak current observed when more Ni-CMs are deposited due to the increase of mass transfer resistance. The response was gradually rising with extension of the response time, the largest at 30 s. On continuous cycling the response reached stability on second cycles (Fig. 5(B) ), so the value was chosen. As seen in Figures 6(A and B) , under the optimal conditions, the response of ethanol displays linearity in a concentration range of 0. Table I summarizes different literature values for  ethanol determination. 11 [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] As can be seen, various nickel materials have been used for ethanol sensors. In the present work nickel nanostructures show a better sensitivity and a lower limit of detection than other materials. 11 42-48 50-54 56-58 Even better limits or sensitivity of detection were found though, for more complex electrodes such as Ni/Pt/Ti on Al 2 O 3 , 41 porous Au electrode 49 and alcohol oxide biosensor. 55 
CONCLUSIONS
Nickel nanostructures modified-glassy carbon microspheres (Ni-CMs) catalysts were successfully synthesized using a synthesis under ultrasound. Small and uniform Ni nanoparticles with average size of 36 ± 20 nm were found evenly spread on the CMs sphere. The composites prepared for 60 min under ultrasound exhibit excellent electrocatalytic activity for ethanol oxidation and sensing due to their high catalytic surface area. The synthetic method is quick, simple and easy to control. Therefore, it is expected to have potential for the preparation of practical catalysts. The approach may be useful for the synthesis of other hybrid metal/carbon catalysts.
